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The diversity of the skin color is thought to be one of the evolutional acquisitions in human being, which 
correlates with the amount ofultraviolet irradiation that reaches the earth's surface. To protect the skin from harm白l
ultraviolet exposure, people whose ancestors originate from the low latitude have darker skin color compared to 
people whose ancestors were from the higher latitude. Regarding such correlations, the Fitzpatrick Scale, which 
represents fair skin people to always or usually sunbum (Types 1 and 1) and dark skin people to be only slightly or 
never sunbumed (Types V and VI), was developed in 1975 to c1assi今 skin complexion and its tolerance to sunlight 
among different skin types and has been widely used for dermatologic research. 
Human skin color is determined by the amount and types (i.e. , eumelanin, pheomelanin) of melanin 
synthesized in melanocytes located in the basal layer of epidermis. The melanocyte contains a unique 
lysosome-related organelle called the melanosome, which is specialized in melanin production. Both melanosomes 
and lysosomes are derived from the endosomal compartment, receive various gene products predominantly sorted 
企om the trans-Golgi network, and share features such as low cistemal pH. However, only melanosomes acquired 
melanin synthetic enzymes, such as tyrosinase, DOPAchrome tautomerase (DCT) and tyrosinase-related protein 1 
(Tyrp-l), mutations in which cause hypopigmented or diluted color of skin, and structural proteins, such as pmel-17, 
which characterize melanosome biogenesis. 
Melanin is synthesized in the melanosome via catalytic pathways using tyrosine as a precursor. 
Ultimately, pigmented melanosomes are transported towards the cel membrane at the dendrite tips of melanocytes 
via the intracellular transport system, anchored to the plasma membrane, and then transferred to neighboring 
keratinocytes. After their transfer to keratinocytes, melanosomes are distributed around the nuc1ei by a 
microtubule-associated motor protein, dynein, to form supranuclear melanin caps which protect keratinocytes from 
the harmful effects of ultraviolet exposure. 
Although these melanogenic mechanisms are common for al racial skin groups, skin color among races is 
dramatically different. A企ican descent skin is darker primarily due to relatively larger, more pigmented 





tyrosinase activity and that a relatively lower melanosomal pH is observed in melanocytes from Caucasian skin 
compared to African-descent skin, melanosomal pH may be an important regulatory factor controlling enzymatic 
activity. Additionally, sodium!hydrogen exchangers (NHEs)ヲ which regulate intracellular pH and vesicular ATPase 
(平ATPase)， a vesicular proton pump, have been suggested to play roles in producing the variations of ethnic skin 
complexion. 
Melanogenesis is controlled by molecular-based mechanisms in melanocytes and keratinocytes, which 
resu1t in the variety of skin and hair pigmentation. Keratinocytes can secrete cytokines that stimulate facultative 
melanin synthesis. Cytokines secreted after UVB irradiation that enhance melanogenesis in melanocyte consist of 
bFGF, endothelin-l (ET-l) ， α-MSH， pro-opiomelanocortin (POMC), and stem cel factor (SCF). Among them, 
α-MSH and its receptor, MCIR, which regulate melanogenic signaling via cAMPs, have been actively investigated. 
Genetic and cellular studies have revealed that MCIR polymorphisms contribute to the differences in the ultraviolet 
sensitivity and in hair and skin color intensity in several ethnic groups. 
A significant correlation among racial skin color is the distribution pa仕em of melanosomes in 
keratinocytes. Keratinocytes from dark (A仕ican descent) skin contain melanosomes that are predominantly 
distributed individually throughout their cytosol whereas keratinocyte from light (Caucasian descent) skin contain 
melanosomes primarily c1ustered into aggregates. Keratinocytes of Asian skin contain a melanosome distribution 
pattem that is intermediate between these two conditions. This differential distribution pattem of melanosomes in 
the epidermis between racial groups appears to be regulated by the keratinocyte 
In addition to the distribution pattem of recipient melanosomes, the phagocytotic activity of keratinocytes 
has also been associated with skin color differential. It has been demonstrated that protease-activated receptor-2 
(PAR・2)， a seven transmembrane G-protein-coupled receptor, regulates phagocytosis in keratinocytes and that 
darker skin exhibits a higher expression of PAR-2 compared to lighter skin. Additionally, inhibition of PAR・2 has 







melanosomes to the plasma membrane in collaboration with myosin Va, an actin-dependent motor protein encoded 
by the dilute locusラ Slac2-a!melanophilin， a melanocyte-specific Rab27a effector encoded by the leaden locus and 
another effector Slp2-a in melanocytes. 
On the other hand, mutations in the genes encoding MY05A, RAB27A and MLPH/SLAC2-A are known to 
resu1t in one of three subtypes of autosomal recessive inherited human pigmentary diseases called Griscelli 
Syndrome (GS), which is most1y characterized as diluted pigmentation in skin and hair. A mutation in SLAC2・A
exhibits a phenotypic change only in hypopigmentation, whereas mutations in the other two genes cause a wider 
range of phenotypes, such as neurological impairment (MY05A) and immunodeficiency (RAB27 A). Given that the 
physical interaction among these three factors to form a protein complex is required for melanosome transport and 
that the three subtypes of GS share a trait of hypopigmentation, it is reasonable to consider that the 
MY05A-SLAC2・A-RAB27A complex plays a pivotal role in melanosome transport and in consequent cutaneous 
pigmentation in humans. However, it remains to be elucidated which melanosome transport-related factors 
substantially contribute to the determination of ethnic skin color differences. 
In this thesis, we focused on the two points which have not been c1arified until today on the contribution of 
ethnic skin complexion. In Chapter 1, 1 utilized an in vivo xenograft system to examine the origin of keratinocytes 
contributes to the decision of skin color. By using this method, 1 successfully observed long-term effects of 
functional interaction between two cel types derived from donors of different ethnic background. In Chapter 2, the 
expressionallevels of melanosome transfer-related factors within melanocytes obtained from different color of skin 
were studied and subsequent1y validated their contributions on skin color variations. 1 combined lentivirus-mediated 
long-term gene knockdown and in vivo skin xeograft to control the expressional level of melanosome 
transport-related gene. Here 1 report for the first time that the racial origin of the keratinocyte influences the ethnic 
skin color in accordance to the melanosome transfer to keratinocyts controlled by the expressional level of a 
melaosome transport-related gene. 
Chapter 1. Functional analysis of keratinocytes in skin color using a human skin substitute 
model composed of cells derived from different skin pigmen旬tion types 
To assess the mechanisms of skin color variation, human skin substitutes (HSS) were constructed by 
grafting mixtures of cu1tured keratinocytes and melanocytes from a combination of donor skin types, together with 
light skin derived fibroblasts, into chambers inserted onωthe back skin of severe combined immunodeficient 





skin derived keratinocytes, respectively, were combined with melanocytes derived from either light or dark skin. 
The melanin content in the epidermis and the maturation stage of melanosomes in basal keratinocytes were 
significantly increased in the HSSs composed of dark compared to light skin derived keratinocytes. In addition, the 
ratio of individuallc1ustered melanosomes in recipient keratinocytes was increased in the former as opposed to the 
later HSS. The genetic expression of ET-l , POMC, microphthalmia-associated transcription factor, tyrosinase, 
GP 100 and MART1 were increased in HSS composed of dark versus light skin derived keratinocytes. These data 
suggest that my HSS is a promising melanogenic model that demonstrates the role of the keratinocyte in regulating 
in part both melanogenesis and distribution of transferred melanosomes. 
Chapter 2. Role of RAB27 A in determining constitutive human skin color 
Apart from the activities in the melanogenic rate-limiting enzyme, tyrosinase, in melanocytes and the 
amounts and distribution pattems of melanosomes in keratinocytes, the abilities of the actin-associated factors in 
charge of melanosome transport within melanocytes also regulate pigmentation. Mutations in genes encoding 
melanosome transport-related molecules, such as MY05A, RAB27 A and SLAC-2A, have been reported to cause a 
human pigmentary disease known as Griscelli syndrome, which is associated with diluted skin and hair color. Thus, 
1 hypothesized that process might play a role in modulating skin color variations. To address that hypothesis, the 
correlations of expression of RAB27 A and its specific effector, SLAC2-A, to melanogenic ability were evaluated in 
comparison with tyrosinaseヲ using human melanocytes derived from 19 individuals ofvarying skin types. Following 
the finding of the highest correlation in RAB27 A expression to the melanogenic ability, darkly-pigmented 
melanocytes with significantly higher RAB27 A expression were found to transfer significantly more melanosomes 
to keratinocytes than lightly-pigmented melanocytes in co-culture and in HSSs in vivoラ resulting in darker skin color 
in concert with the difference observed in African-descent and Caucasian skins. Additionally, RAB27 A knockdown 
by a lentivirus-derived shRNA in melanocytes concomitantly demonstrated a significantly reduced number of 
transferred melanosomes to keratinocytes in co-culture and a significantly diminished epidermal melanin content 
skin color intensity (企L*=4.4) in the HSSs. These data reveal the intrinsically essential role of RAB27 A in human 
ethnic skin color determination and provide new insights for the fundamental understanding of regulatory 





The needs to control our own skin color arises from both health and cosmetic reasons, such as skin 
tanning to prevent ultraviolet exposure, achieving even skin tone or reducing aging spots. To approach this, it is 
important ωunderstand the contributions of each step involved in skin pigmentation. My research provides new 
insights on the ethnic skin variations. 
In this thesis, 1 have evaluated the effects of keratinocytes on skin color by using HSS model. 
Keratinocyte origin was found to be functionally involved in the skin color decision by controlling melanogenic 
abilities in melanocytes via cytokines. The involvement ofthe cytokines secreted from keratinocytes in constitutive 
skin color has not been reported, although melanocyte-stimulating effects of these cytokines are well-studied during 
ultraviolet induced pigmentation. Recently, a genetic cross study in fish proved that a divergent cis-regulatory region 
of the SCF changes the gene expression, suggesting the regulatory changes in SCF contribute to natural color 
variation. They also reported humans share derived alleles at the SCF locus which has a significant effect on skin 
color, indicating the regulation of constitutive skin color by keratinocytes actually exist among ethnic groups. 
Another interesting finding is the diversity of the RAB2 7 A expression and its significant effects on skin 
color. Considering the range of possible human skin color, the change of skin brightness (~L *=4.4) by my partial 
knockdown of RAB27A is noteworthy. Although melanin synthesis regulated by tyrosinase activity differs among 
ethnic groups, my data further explained significantly low number of melanosomes within keratinocytes observed in 
Caucasian skin. The effective control of skin color would be accomplished by taking several approaches to these 
differential regulatory steps in skin pigmentation. 
Currently, unknown is the mechanisms underlying melanosome degradation within keratinocytes. Once 
transferred to keratinocytes, melanosomes are rapidly degraded. It has been reported that differential expression of 
Cathepsin L2, a lysosomal cysteine protease, in keratinocytes derived from dark and light skin, but the involvement 
of Cathepsin L2 in melanosome degradation is not clear. Future studies need to elucidate which cellular mechanisms 
and molecules are responsible for melanosome degradation and whether its degrada 
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論文審査結果の要旨
人類の皮膚色は、原住地が低緯度なほど黒く、高緯度で白い傾向を示すことか
ら、地表に降り注ぐ紫外線の強さに応じた自然淘汰の結果生じたものと考えられて
いる。皮膚の色の元となるメラニンはメラノサイト中のメラノソームで作られた
後、ケラチノサイトへと転送されて皮膚色が形成される。人種によって皮膚色が異
なるメカニズムは、従来メラノサイトにおけるメラニン産生の鍵酵素であるチロシ
ナーゼ活性の違いで説明されてきた。しかしながら、ケラチノサイトの機能及びメ
ラノサイトからケラチノサイトへのメラニン転送の皮膚色人種差への寄与について
はこれまで明らかとされていなかった。
本論文ではまず、人種聞の皮膚色決定におけるケラチノサイトの寄与を検証する
ことを目的に、白人および黒人由来の皮膚構成細胞を SCID マウス背部上で再構成
させた皮膚を作製し、表皮メラニン量に対するケラチノサイト由来人種の影響を検
証した。黒人由来メラノサイト、白人由来メラノサイトをそれぞれ、黒人/白人由
来のケラチノサイトと組み合わせて再構成皮膚を作成し、表皮メラニン量、メラノ
サイト細胞密度、メラノソーム転送量、メラノソーム成熟、及びメラニン合成関連
遺伝子発現について解析を行った。その結果、黒人由来ケラチノサイトを用いた再
構成皮膚において表皮メラニン量が有意に多く、このメラニン量の違いはケラチノ
サイト中のメラノソームの成熟度の違いによるものであり、ケラチノサイトに転送
されたメラノソーム数の違いに起因するものではないことが明らかとなった。
次に、皮膚色人種差におけるメラニン転送関連分子の寄与を検証するため、由来
人種の異なる 19 種類のメラノサイトにおけるメラニン輸送関連分子及びチロシナ
ーゼ発現の解析を行った。その結果、メラノサイト内のメラニン輸送において中心
的な役割を担っている Rab27A の発現と、メラニン量との問に有意な相関が認めら
れた。また、 Rab27A 発現量の異なるメラノサイトを同一人種由来のケラチノサイ
ト、線維芽細胞と組み合わせた再構成皮膚を作成したところ、メラノサイトにおけ
る Rab27A 発現と表皮メラニン量との聞に有意な相関関係が認められた。これらの
結果により、皮膚色の人種差形成にはメラノサイトのメラニン合成能のみならず、
由来人種に起因する表皮細胞機能の違い、 Rab27A が関与するメラニン転送能が複
合的に関与していることが初めて示された。
以上のように、天野氏は当該研究分野において優れた研究成果を挙げており、自
立して研究活動を行うに必要な高度の研究能力と学識を有するものと判断できる。
したがって、天野恭子氏の提出の論文は、博士(生命科学)の博士論文として合格
と認i める。
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